Background Controversy exists regarding many aspects of decision making pertaining to same-day versus staged bilateral TKA (BTKAs), including patient selection, perioperative management decisions, and other important choices. Questions/purposes In the absence of suitable randomized trials, we sought to determine areas of consensus among national experts on the following questions:
Delphi process. The process concluded with a meeting of participants and formulation of consensus statements. Results Eighty-one percent of participants agreed that BTKAs are more invasive and complex procedures associated with increased risk for perioperative adverse events compared with UTKA in an unselected group of patients. The consensus group agreed that physicians and hospitals should consider using more restrictive patient selection criteria and exclude those with a modified cardiac risk index greater than 3 to mitigate the potentially increased risk. The majority of the group agreed that perioperative assessment and management should reflect the higher level of acuity of same-day BTKAs. Eighty-one percent of participants agreed that if a patient is not deemed a candidate for same-day BTKAs, a second TKA should be scheduled no sooner than 3 months after the first. The entire group agreed that when there is a conflict between the orthopaedic need and the medical adequacy of same-day BTKAs, the medical concern for the patient's safety should prevail over the orthopaedic need.
Conclusions
Experts perceived that same-day BTKAs increase medical risk, and thus a systematic approach to the management of patients should be taken to minimize complications.
Introduction
The number of TKAs performed in the United States has been steadily increasing. Most recently, approximately 6% of all TKAs performed were bilateral TKAs (BTKAs) [32] . Considerable controversy exists surrounding various aspects of the practice of same-day BTKAs [28, 39] . Among many discussed factors, proponents of same-day BTKAs point to overall decreased rehabilitation times and the need for only one hospitalization [20] , while skeptics quote factors such as increased need for blood transfusions and exposure of organ systems to increased perioperative insults including the embolization of marrow and bone debris [9, [31] [32] [33] [34] . Several published studies suggest that same-day BTKAs are associated with increased risk for morbidity and mortality compared with unilateral TKA (UTKA) [14, 29, 39] , but no adequately powered prospective, controlled trials or other definitive publications exist that allow for comparison of same-day with staged BTKAs. Complicating matters is a lack of agreement on the question if risks associated with same-day BTKAs should and can be compared with the aggregate risk of the two operations in staged BTKAs, thus leaving most clinicians, such as the participants of this group, to compare same-day BTKA approaches with more available UTKA data.
In the absence of adequate information, clinicians caring for patients with bilateral knee arthritis have to balance the benefits of one hospitalization and patient convenience with their concern for patient safety. To date, no consensus exists to aid physicians and their patients in their decisionmaking process regarding whether to proceed with sameday BTKAs or staged BTKAs.
Recognizing this void, a multidisciplinary group of experts was assembled with the goal of reviewing the available literature, forming a consensus on the current state of knowledge, and providing recommendations on the care of patients undergoing BTKAs. A secondary goal was the identification of priority areas for further study. Appropriate methodology for conducting a consensus was followed. This article represents a summary statement of the consensus process and its results pertaining to the five questions the group identified as important, which were:
(1) What are the comparative risks of same-day BTKAs compared with UTKA and staged BTKAs? (2) Who should be considered an appropriate candidate for same-day BTKAs and what are the medical contraindications? (3) What constitutes appropriate workup and perioperative management for BTKAs? (4) What is the optimal time between procedures if same-day BTKAs are not deemed appropriate? (5) Are there orthopaedic or rehabilitation considerations for BTKAs, and do they outweigh medical contraindications?
Materials and Methods
In September 2011, a seven-member, interdisciplinary steering committee of orthopaedic surgeons, anesthesiologists, perioperative internists, and an epidemiologist (Appendix 1; Supplemental materials are available with the online version of CORR.) was formed with the goal of identifying numerous topics related to BTKAs that represented major areas of controversy. The goal was to formulate actionable statements that would provide guidance to physicians caring for patients undergoing BTKAs. After extensive review and discussion, topics were categorized, focused into five major areas of interest, and phrased in the form of questions, as articulated above.
After this step, the steering committee identified a group of 32 individuals who, based on their publication record, academic interest, current practice, and national standing in their respective fields, were considered experts in the field of perioperative care and orthopaedic surgery with a focus on BTKAs.
An invitation to participate in a consensus process was extended to these individuals, who represented 16 different institutions throughout the country, with the additional request of suggesting additional participants and topics for discussion.
As a consequence, eight more participants were identified and invited bringing the total to 40. Next, individuals were asked to summarize the current state of knowledge on each of the topics in the form of a state-of-the-art white paper. These white papers were intended for use during the consensus process and have not been published elsewhere. The format included an introduction of the problem, an overview of the available literature, a conclusion, and a recommendation for practitioners. In addition, the authors were asked to identify gaps in research and suggest studies that would fill this void. Each author was asked to select two reviewers from separate institutions from the group of participants, ideally with differing perspectives, who were tasked with providing critique and suggestions for amendment of the original document. This process resulted in a peer-reviewed, revised version of each white paper.
All white papers were sent to the entire group of participants. Using the revised Delphi process [23] to achieve consensus, each participant was asked to anonymously comment on the following questions: 7) Are there one or more specific controversies around the issue addressed by this paper that you would like to highlight or reiterate? If yes, please list.
Literature Review
To supplement the literature review performed by the authors of the white papers and associated with the consensus process, an independent senior librarian (TR) performed a literature search using the following search string in Ovid PubMed: ''((BILATERAL)) AND ((knee arthroplasty) AND (mortality OR morbidity OR safety OR adverse effects OR complications)) AND ((''2005/01/ 01''[PDat]: ''3000/12/31''[PDat]))''. This search took into account the availability of systematic reviews on the topic summarizing data published before 2005 and resulted in a reference list of 244 articles. Of this group, 170 articles did not pertain to the discussed subjects and were excluded. The results of this literature search (74 publications) and the anonymously collected comments were circulated back to the original authors of the white papers. The author was asked to crosscheck the reference list for any missing publications and incorporate any comments made into the article. Comments not incorporated were listed as stated in an appendix to each white paper. The response rate for comments was 58%.
The final versions of the white papers were sent to all participants and all were invited to attend a 2-day consensus meeting, which was held in New York City on September 8 and 9, 2012. Twenty-nine participants were able to attend the meeting, although all others had received the white papers and were given the opportunity to participate. The goal of this conference was to finalize the consensus on each topic through discussion of remaining issues in focus groups, formulate consensus statements, and discuss those in a plenary session. A final version of each consensus statement was brought before the group, which using an electronic voting system was asked to agree or disagree.
Participants and organizers of the consensus process and meeting were aware of the limited scope of this endeavor. First, only a limited number of experts from overwhelmingly high volume and academic institutions participated owing to logistic and financial restrictions thus limiting the generalizability of this group's collective clinical and scientific experience. Further, although the influence of strong opinions may represent a limitation in any process seeking to gain consensus on a topic, our approach was designed with the goal to allow for the formation of the major portion of this consensus before the actual meeting, thus leaving only smaller matters to be resolved at the actual conference. Finally, this consensus process was meant to provide a starting point for a wider discussion on this topic and should not be viewed as an attempt to provide definitive answers.
Results
The results presented subsequently represent the final consensus statements that were reached after extensive review of the white papers and incorporation of the comments raised during the consensus meeting. The questions of interest are presented followed by the consensus statement and a comment section, which includes a summary of the literature review.
(1) What are the comparative risks of simultaneous same-day BTKAs compared with UTKA and staged BTKAs?
Consensus Statement
The majority of the group (81%) agreed that same-day BTKAs were associated with higher risk of complications when compared with unilateral or staged TKAs. All of the participants (100%) agreed that more careful patient selection and deliberation of patient-specific risk factors for morbidity and mortality are warranted for patients being considered for same-day BTKAs. Ninety-three percent of participants acknowledged that there is a need for a multicenter study group that can pursue further research related to BKTAs in general and the associated risks of same-day BTKAs in particular.
Comment and Supporting Literature
The literature on this subject lacks Level I evidence. The majority of publications including two meta-analyses and some large database studies suggest increased risk associated with BTKAs compared with UTKA [ 14, 28-32, 39, 41, 46, 47] . Some smaller studies suggest no increased risk with same-day BTKAs compared with UTKA [1, 20, 27] . No large prospectively randomized study is available to compare same-day with staged BTKAs [6, 9, 14-16, 26, 40, 44, 50, 51] .
(2) Who should be considered an appropriate candidate for BTKAs and what are the medical contraindications?
Consensus Statement
The group agreed that same-day BTKAs confer greater risk for mortality and for some, but not all, postoperative medical complications. In consideration of each of the major postoperative medical complications, important patient-related factors should be considered by the clinician when recommending same-day BTKAs. The majority of participants (85%) agreed that at a minimum, patients scoring 3 or higher on the revised cardiac risk index presented by Lee et al. [21] (which takes into account the invasiveness of the procedure, history of myocardial ischemia, heart failure, cerebrovascular events, renal failure [creatinine [ 2 mg/dL], and insulin-dependent diabetes mellitus) should be excluded from undergoing same-day BTKAs. Realizing that this index may estimate the risk of unacceptably high incidence of cardiac complications but may not be suitable for more conservative patient selection in the setting of BTKAs, the majority of the group (63%) preferred the use of the following exclusion criteria based on the only published guidelines [50] : (1) patients older than 75 years; (2) all patients with an American Society of Anesthesiologists Class III condition; (3) active ischemic heart disease (positive stress test or a history of anginal equivalents); (4) decreased left ventricular function (left ventricular ejection fraction \ 50%). Patients with symptoms of dyspnea on exertion, shortness of breath, or poor functional capacity should have a preoperative echocardiogram; (5) pulmonary disease (moderate to severe pulmonary hypertension, oxygen-dependent pulmonary disease, oral steroid-dependent asthma, exercise-limiting chronic obstructive pulmonary disease); (6) morbid obesity (body mass index [ 40 kg/m 2 ); (7) renal insufficiency (creatinine [ 1.6 mg/dL); (8) chronic liver disease (functional impairment in liver function and/or ascites, Child's Class B or greater); (9) poorly controlled diabetes mellitus; (10) cerebrovascular disease with a history of a previous stroke; and (11) major peripheral vascular disease involving the lower extremities with stents or vascular bypass.
On the specific criteria, only 56% of participants believed age should be an exclusion criterion based on the argument that biologic rather than absolute age should be taken into consideration; however, others expressed that the physiologic decline in end-organ function that occurs with age justifies such an exclusion even in healthy individuals. Ninety-three percent favored avoiding same-day BTKAs in patients who have an American Society of Anesthesiologists classification of 3 and higher. The same proportion (93%) believed patients with ischemic cardiac disease should not undergo same-day BTKAs. A cutoff of BMI of 40 kg/m 2 was seen by 64% as a reason to avoid same-day BTKAs. Twenty-nine percent favored a cutoff less than 40 kg/m 2 . Seventy-five percent of participants agreed with a creatinine cutoff of 1.6 mg/dL in patients with renal dysfunction.
Comment and Literature Review
There was general agreement that patients with greater comorbidity burden are at increased risk for adverse outcomes and that patient selection was important. Considerable time was spent on the discussion of some of the specific criteria as outlined previously. Reviewing the literature, it was believed that the risk of perioperative complications was greater for older patients and for patients with considerable medical comorbidities, particularly those with a history of cardiopulmonary disease [2, 4, 27-31, 33, 34, 36, 43, 44, 53] .
(3) What constitutes appropriate workup and perioperative management for BTKAs?
Consensus Statement
Seventy-nine percent of participants agreed that although unilateral TKAs usually are classified as medium-risk procedures (according to the American College of Cardiology/ American Heart Association Perioperative Cardiovascular Evaluation [11] ), BTKAs should be considered high-risk procedures, necessitating a more thorough preoperative workup. A majority of participants (63%) supported that given the known associations with adverse outcomes, patients should be screened carefully for cardiorespiratory comorbidities. Depending on the morbidity status of the patient, numerous diagnostic modalities should be considered, including echocardiography, estimation of pulmonary pressures, spirometry, exercise testing, and pulmonary gas exchange diffusing capacity of the lung for carbon monoxide (DLCO). Ninety-seven percent of participants recommended that consideration should be given to having a medical service follow patients postoperatively given the elevated incidence of cardiopulmonary complications.
Comment and Literature Review
There is a lack of literature on the management of patients undergoing BTKAs. Thus recommendations are extrapolated from other literature as suggested for higher-risk interventions. Hospitals may consider developing pathways for eligibility, testing, and perioperative management of patients having BTKAs with a view to improving outcomes [19] .
Preoperative Testing
There is a lack of evidence that aggressive preoperative management changes outcome in general. However, given the nature of the surgery and the expected pathophysiology, preoperative echocardiographic assessment of the heart should be considered given the incidence of right heart strain and pulmonary hypertension after same-day BTKAs [31] . If possible, pulmonary arterial pressures should be estimated, right heart function should be characterized, and other abnormalities should be documented.
Given the apparent association between pulmonary disease and complications and simultaneous BTKAs, a thorough pulmonary history should be documented. Signs or symptoms of pulmonary disease should be assessed with a focus on gas exchange (DLCO), respiratory mechanics (spirometry), and cardiopulmonary interactions (exercise testing). Routine chest radiographs should be obtained in view of the association between interstitial lung disease and inflammatory arthritis [42] .
Routine laboratory investigations may include chemistry, HbA1C, albumin and liver function testing, a complete blood count, and testing of the coagulation system. Abnormalities should be further investigated (Table 1) .
Autologous blood donation may be considered given the potential for significant blood loss, but this is very controversial [7, 10, 35] .
Intraoperative Management
Although there are strong theoretical advantages for performing BTKAs with a regional anesthetic technique [47] , conclusive studies are lacking [24] , and the anesthetic approach should be individualized.
In addition to standard monitoring, invasive arterial blood pressure monitoring should be considered. Largebore intravenous access should be obtained. Hypercapnia and hypoxemia should be avoided given their effects on pulmonary arterial resistance.
It is not advisable to perform BTKAs in patients at highrisk for cardiopulmonary complications; however, if such a decision is made, consideration should be given for a modality to monitor right heart performance and/or pulmonary pressures including transesophageal echocardiography or pulmonary arterial catheter placement. The latter does not appear to provide benefit in routine BTKAs [18] .
Intraoperatively, the use of tranexamic acid may be considered to reduce blood loss [25] . Tourniquet release may be timed to optimize hemostasis [49] . Thorough assessment of a patient's condition should be performed after completion of the first knee surgery if sequential surgery is performed. Concerning features including evidence of hypoxemia or hypotension should warrant consideration of abandoning the second arthroplasty. Drainage from the first knee should be monitored during the second arthroplasty as a measure of blood loss and a guide to fluid or blood replacement. Wrapping the first knee with a compressive bandage also may be considered to prevent contamination and to aid with hemostasis ( Table 2) . 
Postoperative Management
After same-day BTKAs, admission to an environment in which the patient's condition can be closely monitored is advisable given the risk of hemodynamic instability and the potential requirement for intensive care [37, 38] . Attentive postoperative medical management is indicated in these patients including laboratory testing, assessment of organ function, and pain management.
A blood-salvaging system should be considered to optimize blood management [5] . Venous thrombosis prophylaxis should be administered routinely. There may be a role for perioperative hydrocortisone or other drugs in decreasing inflammatory markers although the effect of such modulation on clinical outcome is still unknown [17] .
Consideration should be given for cardiorespiratory monitoring and observation in an advanced care setting such as a step down unit or recovery room of all patients for 12 to 24 hours after surgery. Consideration also should be given to having a medical service follow patients postoperatively given the elevated incidence of complications.
(4) What is the optimal hiatus between procedures if simultaneous BTKAs are not deemed appropriate?
Consensus Statement
Recommendations can be made only on theoretical grounds because there is a lack of specific evidence. Given available data, however, 81% of participants agreed that if a patient is not deemed a candidate for same-day BTKAs, a second TKA should be scheduled for 3 months or later. Ninety-six percent of participants agreed that staging within one hospitalization should not be routinely performed and only considered in rare circumstances such as severe bilateral lower extremity deformity. The latter approach should be taken only after extensive deliberation of risks and benefits.
Comment and Literature Review
There is a paucity of data on the topic of appropriate timing between stages for staged BTKAs, and no definitive conclusions can be drawn.
Despite inconclusive data, some evidence suggests staging BTKAs during the same hospitalization or within 3 months of the first surgery may be associated with greater risk of mortality and complications. It remains debatable if rapid staged surgery (2-10 days apart) should be used in patients who are not deemed candidates for same-day surgery [12, 13, 22, 31, 40, 45, 52] .
(5) Are there orthopaedic and/or rehabilitation indications for BTKAs and do they trump medical contraindications?
Consensus Statement
The entire group (100%) agreed that when there is a conflict between the orthopaedic need and the medical adequacy of same-day BTKAs, the medical concern for the patient's safety should prevail over the orthopaedic need.
The creation of a multidisciplinary physician panel may be useful when assessing adequacy of same-day BTKAs for a given patient.
When deciding against same-day BTKAs, surgeons also may want to discuss that recovery from unilateral surgery may be affected by the symptoms of the nonsurgically treated knee. Ninety-three percent of participants agreed that addressing the contralateral joint in cases of substantial length discrepancy early (ie, before significant limitations develop) to provide adequate surgical outcomes would be feasible.
Comment and Literature Review
No literature is available focusing on the role of severe preoperative deformity as an indication for same-day BTKAs and the debate has been dominated by concerns regarding patient safety. This debate assumes that patients who are candidates for same-day BTKAs have disabling arthritic pain affecting both knees, although this assumption has frequently been questioned. However, on some occasions, the surgeon may feel compelled to recommend a bilateral same-day operation based only on the orthopaedic condition of a patient. Some of these orthopaedic conditions include: the presence of severe bilateral deformity in the coronal and/or sagittal planes, resulting in functionally short bilateral lower extremities, and the presence of severe incapacitating bilateral knee pain. The impact of obesity on rehabilitation also should be considered [8, 48] . The recovery period for patients who had same-day BTKAs was comparable to that of patients who underwent UTKA in one study [54] ; however, this generally is not agreed on.
The safety of same-day BTKAs in obese patients is supported by several publications [3, 8, 48] , but the literature is insufficiently robust for general recommendation on the subject.
Perspectives for Future Studies
The consensus group agreed that there was lack of definitive evidence in the available literature regarding many topics, in particular the safety of same-day versus staged BTKAs. Participants agreed that a randomized controlled trial on this topic may not be feasible, and that additional knowledge would have to come from multicenter registries and targeted database studies using advanced simulation methods. The group also suggested targeted clinical studies of the mechanisms of adverse events in this patient population, and that more research is needed in the areas of rehabilitation and pain management after BTKAs to ensure the best possible outcomes.
